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INVESTIGATION OF STABILI'TY AND CONTROL CHi\RACTERISTICS 
OF AN AIRPLANE MODEL WITH WING IN TEE 

LANGLEY FKEE-FLIGHI' TTjNNEL 
By Jolm P. Campbell and Hubert M. Drake 

SUMMARY 


An inYest?.gation to detemine tlae ctability and control char- 
acteristics of an airplane model with a skewed wing has been made in 
the Langley free-fli.^t tunnel. The wing of the model was pivoted 
in such a way that it could be rotated as a i;nit with respect to 
the fuselage so tliat one side of the wing was swept fonrard and 
the other side swept back. With an arrangement of this type the 
wing of an aixplane could be set at right angles to the fuselage 
for take-off; landing, and low -speed flight and could be rotated 
to some large angle of skew to penait fli^t at high speeds . 

In the investigation, flight tests, force tests, and demping- 
In-i’oll tests were made on the model with the wing set at angles 
of skew from 0° to 60°. This investi^tion was of an exploratory 
natui’e and was intended to provide only a preliminary and qualita- 
tive indication of whether such a design could be flown. 

Tie results of the investigation indicated that it was 
possible to skew tlie wlrtg as a unit to angles as great as 4C° 
without encoimtering serious stability and control difficulties. 

At an angle of skew of 6o°, however, the aileron contro3. became 
unse.tlsfactorilj'’ weak. The aileron rolling effectiveness was not 
reduced by skewing the wing from 0^ to 40° because the damping in 
I’oll decreased approximately the same amount as the aileron rolling 
moments . The force tests showed 'uhat for a skew angle of 40° the 
ailerons produced large pitching moments, but in the flight tests 
no pitching tendencies were observed in ailei'on rolls, apparently 
because the lift foi’ces on the wing produced by rolling introduced 
pitching moments that were equal and opposite to the e,ileron pitching 
moments. The model did not exdiibit the undesirably large variation 
of effective dihedx’al with lift coefficient that is characteristic 
of wings with large amounts of sweepback or sweepf orward . Skewing 
the wing as a unit, howevei-, did introduce large changes in lateral 
trim which varied with lift coefficient and skew angle . 
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INTRODUCTION 


Theoreticel and experimental Investigations have shovn that 
compressibility effects on a vdnfi can bo delayed by sireepino' the 
ving forward or baclctvard. In order to obtain a laz’^e increase in 
the Mach number at ^vhich compressibility effects occur, tlie ’ase of 
angles of sweep of h0<^ or more is necessary, but these large angles 
of sweep introduce serious stability and conti'ol problems at 
moderate and high lift coefficients. For examp?_e, large angles of 
sweep produce undesirably large variations of effective dihedral 
and pitching-moment coefficient with lift coefficient. Also a 
rapid increase in drag occurs at moderate lift coefficients which 
is detrimental to take-off and climb performa:ice and which compli- 
cates the landing problem. 

In order to gain the advantages of swoop at hit^ speeds irithout 
experiencing the difficulties introduced b’>^ swoop at low speeds, it 
has been proposed that an airplane be eqLUipped vdtii a wing pivotally 
attached to the fuselage so that it can be set at right angles to 
the fuselage for take-off, landing, and low-speed fligjit and at 
some angle of sweep for fli,^t at hii'^ speeds. In one suggested 
design the idng is skewed or pivoted as a unit so that one side 
of the wing is swept forward and the other 8i6.o swept back. In 
order to ascertain the low-speod stability and control character- 
istics of such a design an investigation has boon conducted in the 
Langiley^froe-flight tunnel. This investigation consisted in flight 
tests, force tosts, and damping- in-roll testa of a model equipped 
■vrf.th a pivoted >7ing that cotild bo set at varioiis angles of skew 
from 0*^ to 60°. 


This investigation iras of an exploratory natiure and -v/as intended 
to provide only a prolim?.nary and qiuilitativc indication of wiiethcr 
such a design could be floiai. No attempt is therefore made in this 
paper to give a complete and comprehensive discussion of the. sta- 
bility and control problems involved in skowod-vri.ng designs. Tosts 
at hi^.er scale of skowod-wing models moro representative of high- 
speed airplane designs will probably be noedod before an accucato 
and dotailed analysis can be made of tho stability and control 
characteristics of this typo of airplane. 


SITIBOLS AND COEFFICENTa 

Tho forces ..and coefficients were measiu’od with roferenco to tho 
stability axes. A diagram of those axes ahovrln': the positive direc- 
tions of forces and moments is presented as figuro 1, i.^iich aho^TS the 
VTing in tho symmetrical (unskowed) condition. For skewed condition 
tho axes arc dotemained by the fuselage rathoi'' tlian by tho wing. 
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lift coefficient 




drag coefficient 


/ Prag ^ 
\ IS / 


pitching moment 
rolling moment 
yaving moment 


pitching-moment coefficient 


f'JiA 

,lSc/ 


rolling-moment coefficient 
ya'v.’ing-moment coefficient 
lateral-force coefficient 



vri.ng area, square feet 

mean aerodynamic chord of imahewed iring, feet 


span of unskeved wing, feet 

dimamic pressure, pounds per square foot 



airspeed, feet per second 

mass density of air, slug per cubic foot 

angle of sideslip, degrees 

angle of yaw, degrees; for force-test data equals -p 

skew angle (angle throu'di tdiich I'rfLng is rotated ■vd.th respect 
to the fuselage), degrees 

aileron deflection, degrees 
elevator deflection, degrees 
rudder deflection, degrees 


angle of roll, degrees 


)!• 
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a angle of attack, cLegrees 

X longitudinal axis 

Y lateral axis 

Z normal axis 


kj radius of gj>Tation of model about X-axis, feet 

k^. radi\;s of gyration of laodol about Z-axis, feet 


2? 

2V 


aileron-rolling-effectiveness factor or helix angle 
generated by "t-jing tip in roll, radians 


p rolling angular velocity, radians per second 

C effective-dihedral parameter; rate of change of rolling- 

moment c 9 efficient vith angle of sideslip, per 

decree 


C directional-stability parameter; rate of change of yavring- 

P moment coefficient -vith anf;^e of sideslip, per 

degree 


''u 


daxoping-in-roll parameter; rate of change of rolling-moment 
coefficient \ith i-olling-angular-velocity factor 

/sc; 



AIPPAIbiTUS MOrSEL 


The flij^t tests and force tests vere conducted in the Langley 
free-fli^t trmxel, a caaplete desex-iption of vhich is given in 
reference 1. A photograph of the tunnel test section vith the 
model in fli'^t is presented as figure 2. All foi’ce tests vere 
made on the fx’ee-fli^t-tvnnel balance (reference 2) vhich measures 
forces and moments abovit the stability axes. 

The values of tho dan^ing-in-roll derivative Ci^ vere 

dotormined by rotation testa in tho Lanr^ey Ip-foot free-spinning 
tunnel by tho method described in reference 3. 
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A slcetch of the model iised In the tests is presented as 
figure 3j and a pliotor-raph of the model is presented as figure A. 
The model fuselage consisted of a loom on which wis mounted the 
rototahle ving and fined horizontal and vertical tails. The vlng 
was mounted "by a pivot at the 50-P©ncent-chord point so that it 
could he skewed to an;>' angle up to 6o°. all tests the \7ing was 
skovzed so that the ri^^t side -v/as swept hack and the left side 
swept forwai-d, as shoim in figure 3. The dimensional and mass 
claaracteristics of the model are .given in tahlo I. 


TESTS 


Force tests wex’e made to determine the static stability and 
aileron control characteristics of the modo3. ■'■Tith skew angles 
of 0°, 20°, A0°, and 6o°. Force tests were also mad.e to detoimine 
the longitudinal stability of the model vdth horizontal tail off 
for skew angles of 0°, and 60°. Ko control-effectiveness 

tests wei’e made for elevator and riiddcr. All force tests were 
made at a dynrmaic pi-ossuro of 1.9 pounds per scunre foot which 
corresponds to a tost Pvcjnio.lds number of 179,000 0° skew based 

on the mean aerodynamic chord. 


..^.1 rolling-moment and yaid.ng-moment data obtained in the 
tests Tdth different skew angles are based on the span of tho 
unslcowed vdng and all pitching-moment data arc based on the moan 
aerodyixamic chord of the mskGx.'’od xd.ng. All test data are referred 
to the noimal center of gra'vlty at 20 percont of the moan aerodynamic 
cho3.'d of the unskewod id.ng unless otherwise noted on the figures. 

If it is desired, the moments can be based on the span and choi-d 
of the skewed v±ng by using the values given in table I for the 
different skew angles. 

Rotation tests were made to determine the dandling in roll fox' 
the model with skew angles of 0°, 20°, A0°, and 60° at a lift 
coefficient of 0.5. All dauiping-in-i'‘oil tests were made at a 
djTxamic pressure of 3.0 pounds per square foot which corresponds 
to a Eoynolds number of 226,000 at 0“^ skew. 

Fliglxt tests of tho model with tho center of .gravity at 
0.20 mean aex'odynjuaic chord of the unskewed wing wore made at a 
lift coefficient of approxdxaatelj’' 0.6 for skew angles of 0°, 10°, 

20°, 30°, I;0°, 50°, and 6o°. In addition, for tho same center- 
ox’-guavity location, flight tests were Exade ovox- a lift -coefficient 
x'ango from 0.3 to 1.0 for 0° and Aqo skew, Fux’thor fli^t teats 
wero made with 40° skew at lift coefflcionts from 0.6 to 0.9, and 
tho Centex- of gx-avity \ma moved successively back to 0.25, 0.30, 
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and 0.35 mean aerodynamic chord of the vinskewed vlrig. In the 
flight tests, abrupt deflections of approximately ±l8° aileron 
(total 36°), +5° mdder, and ±5° elevator vere used for controlling 
the model. Eeference 1 describes the fli^t-testing technigue used 
in the Langley freo-fli^it tunnel. 


RESUI.TS AILD DISCLBSIOI'I 
Force-Test Results 


Longitudinal stability .- The results of the force tests made 
to determine the longitudinal stability characteristics of the 
model are presented in figures 5 to 7 • The data of f igirre 5 !3hovr 
that as the skew angle of the model vas increased from 0*^ to 60°, 
the static longitudinal stability (as indicated by the slope of 
the pitching-m.oment curve) progressively decreased until at 
60° skeu the model Tras longitudinally unstable at lift coeffi- 
cients above 0.7. 

The data of figure 6 show that with the horizontal tail off 
the reduction in longitudinal stability with Increasing skew iras 
even more pronounced. A coi<rparlson of the data of figures 5 ^nd 6 
indicates that the addition of the horizontal tall greatly reduced 
the variation in longitudinal stability over the lift rango for 
the 40° and 6o° skewed vangs. 

The data of figures 5 and 6 show the expected reduction in 
lift-curv3 slope \?ith increasing skew. The slopes of the lift 
curves £ire approximately proportional to the cosine of the angle 
of skew. 

The force-test data of fig-ure 7 show the longitudinal sta- 
bility and trim characteristics of the model iTith k0° skew for 
the most foi’ward and roaiuc:rd centor-of -gravity locations used in 
fli^it tests. These data show that for the most rearward center- 
of-gravity location tho model was either statically longitudinally 
unstable oi’ about neutrally stable over the entire lift-coefficient 
range . 

Lateral stability . - Tho resTilts of the force tests made to 
determine the lateral-stability characteristics of tho model at a 
lift coofficiont of 0.6 at zero angle of yaw are shorn in figure 8. 
The effects of skew on tho directional-stability parameter C^p 

and on the effective dihedral parameter C-jp as determined by tho 

slopes of tho curves between in figure 8 can be summarized as 

follows: 
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Skew angle 

Cn. 


00 

0.0034 

-0.0006 

40° 

.0033 

' - .0008 

•50° 

.0023 

-.0006 


Tlae values of Cjp for tiie model are oonsidorally smaller 

than tli8 values normally encountered at a lift coefficient of 0.6 
on vings wltli large amounts of sveep'oaclc. 

The lateral-trim changes caused ly akoidng the t'.dng from 0“^ 
to r.nt^ 60° can he seen from the data for zero an.gle of jaw in 
figiuae 8 end from the lateral- c'mrponent data of figui’es 5 
The data of figure 8 for a lift coefficient of 0.6 eliov that ■^/Ith 
increasing skew an increasing positive (ri{^at) lateral force and 
an increasing negative (left) rolling moment occijrred. Changing 
the skew frem 0° to 40° caused a negative (left) ya\?ing moment hut 
a fi.irther increase in skew to 60° produced a posit! vo (rig^it) ya^«rin.g 
moment. The data of flgui'es 5 ^>nd 6 show tlifit the changes In 
lateral tx'im varied considerahly with angle of attack. 

If tho pivot point of the ’Ting were shifted forvmrd the change 
in rolling moments with skew at low lift coefficionts would he 
rcdxxced hecause the area of the left td-ng would ho increased with 
increasing skew. 

Lateral control .- The results of tho force tests made to 
determine the ai3.oron effectiveness are shewn in figures 9 anA 10. 
Those results show that the aileron effectiveness in prodticing 
rolling moment was somewhat reduced hy skcvdng tho vdiig to 40° 
and ■vras greatly reduced hy skmrlng tho ving to 6C°. yflion deflected 
the ailerons at the 40° and 60° skovr angles also produced sizable 
pitching moments. The pitching moment produced hy the allex-ons 
•vjas mueJx greater at 40° skew angle than at 60°, apparently, hocauso 
of the reduced effectiveness of the ailerons in producing lift at 
60° skew. 

The data in figure 10, -vSiich show the indopondont contrihu- 
tions of the ri^.t and loft ailerons to the cerodjaiamic moments, 
indicsto that tho loft (loading) aileron tos most affoctod hy skew 
angle, and that at -+0° and 60° skew its effectiveness in producing 
rolling moment vas somewhat less than that of the I’i^it (trailing) 
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eileron. This difference can he attributed to the increase in 
vlng area ahead of the trailing aileron. 


Eotation-Test Besults 

The resTlLts of the donroing- in-roll tests are sho-wn in figure 11 
together \ltli the rolling effectiveness of the ailerons based on 
the rolling-noment data of figure 9. These data show that the 
damping in roll iras reduced bj skow to such an extent tliat tne 
ailerons remained effective to angles of skew great er then 

The damping- in-roll data based on the projected span at each 
ske’j angle (rather than on the span of the \?ing ■vlth skew) are 
presented in figure 12 for the piuposo of compuring the data id.th 
calculations made by the simple relation presented in rofei-enco 3. 
This figure sheik’s tliat the damping in roll varied approximately as 
the cosine of the skew angle, as 'would bo oxpcctod frem the data 
of rofoi’ence 3 for conventionally 8\7opt-back xalngs. 


Hi ^t -Test Results 

In tho fli^t tests of the model "VTith the center of gravity 
at 0.20 moan aerodymariiic chord the general fli^t characteristics 
were satisfactory and remained ossontially unchanged as the •vd.ng 
■me skovisd from 0*^ to 40° by lO'^-incromcnta . With tho Trri.ng 
skewed b0° tho fli^t characteristics of the model were satisfactory 
except that the ailoi'on effectiveness vas noticeab3.y reduced and 
some difficulty -me consequently experienced in controlling the 
model. With 60° sko-^7 the aileron offoctivenoss -v;us even further 
reduced and -VTas inadequate for maintain5.ng sustained fli.^its of 
sufficient length to po:.-mit judging tho other stability and control 
charactori sties of the model. These flis^it-test results are in 
agreement ‘'rith tho fox*co-tost results of figures 10 to 12 in 
regard to tho reduction in aileron offoctivenoss "with 60'^ ako'Vf. 

IJo pronoxuiced changes in stability anO. control were apparent 
with skow an.glos up to hO'^ but sizable changes in lateral trim -»rero 
noted. "i'Jhon the skew angle was Increased from 0*^ to 'vdiilo tho 
flight lift coefficient \ras held constant at about 0.6, use of a 
total of about 17 ° ri{^t aileron trim and 3° right i-udder* sotting 
was necessary to maintain lateral trim., (that is, to keep the "vring 
level and the fuselage at zero sideslip) . As tho fli*<^t lift coef- 
ficient iras increased at 40° skew, however, progressively smallor 
amounts of ailoron and rudder trim ■wore required until at a lift 
coefficient of 1.0 no trim "was needed. These trim changes were 
indicated by tho force-tost results of figures 5. o, and. 8. 
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the skew angle was changed from 0® to only sli^t 

changes in elevatoi- setting (not over 3®) were required to maintain 
the same fli^t lift coefficient. With skew, however, the 
glide -path angle was 2° or 3*^ hi^er than with 0° skew over the 
lift -coefficient range from about 0.3 to 1.0. This result is 
substantiated by the force -test data of figure 5 which indicate 
' tliat the drag at 4C® skev; is higher than that at 0® skew at a 
given lift coefficient. Tlie force -test results in figure 5 show 
that at lift coefficients greater than 1.0 the drag at a given 
lift coefficient (and hence the glide -pa tla angle) for the 4o® skew 
angle became increasingly, greater tlian that of the unskewed i-Jlng. 

In the flight tests of the 40° skewed wing satisfactoxy fli/^ts 
were made ovei’ a lift-coefficient range from 0.3 to 1.0 with static 
max-gins (static longitudinal stability) from large values to very 
small values. The fli^t characteristics appeared to be sligjitly 
bettei- at tJie lower lift coefficients . No pronounced changes in 
tho longitudinal stability charactex'lstics were noted as the 
static margin was progressively decreased by moving tJie center of 
gravity from 0.20 to 0.2'j and 0.30 mean aerodynamic chord. With 
the center of gravity at 0.35 mean aerodynamic chord, however, the 
model appeared to be longitudinally unstable and continuous 
application of elevator control was required to keep the model 
flying. The fox'ce-test data of figure 7 indicate static longi- 
tudinal instability for the foregoing condition. 

In the flif^t tests no pitching motions with aileron control 
wex-e noted for any skew angle, lift coefficient, or center-of- 
gravity location. This result appears to disagree with the force - 
test results of figures 9 10 which showed sizable pitching 

moments with aileron deflection for 40° skevr. Tliis apparent 
discrepancy is explained by the fact that dur-ing a steady aileron 
roll, lift forces dvie to rolling are produced which are equal and 
opposite to the lift forces produced by the ailerons. Tlxese lift 
forces due to rolling produce pitching moments that arc equal and 
opposite to the aileron pitching moments and hence eliminate the 
pitching tendencies in a steady aileron roll. No flints were 
made to determine the effects of these aileron pitching moments 
in a steady sideslip . 


CONCLUSIONS 


The resixlts of the investigation in the Langley free -flight 
tunnel to determine the stability and control characteristics of 
an airplane model with a skewed wing are summarized as follows ; 


in 
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1. In general, the reniilts indicate that an airplane 'vrlng can 
he Bkeved as a unit to an^es as great as without encountering 
serious stability and control difficulties. 

2. Longitudinal stability and control: 

(a) The longitudinal stability and control charactor- 
istics were satisfactory in f limits made with skew over a lift- 
coefficient range from 0.3 to 1.0 even for verj'' low values of 
static margin. 

(b) Only a slij^dit change in lon^tudinal trim occurred 
wdth increasing skew but an appreciable increase occurred in the 
glide angle required at a given lift coefficient. 

3. Lateral stability: 

(a) The values of effective dihedral for the wing skewed 
as a unit wore considerably less than those encountered on wings 
Td-th largo amounts of swoepfortsVird or swoepback. 

(b) Skewing tho wing caused sizable changes in the 
lateral trim tdiich varied with lift coefficient and skew angle. 

4. Lateral control: 

(a) The aileron control effectiveness was only sli^tly 
reduced by skew for angles loss than 40° because the damping in 
roll decreased approximately the same amount as the aileroai rolling 
moments. At 50° skew, ho'irever, tho aileron control effectiveness 
1-ias noticeably reduced, and at 60° it vaa so weak that sustained 
fli.Jits coiild not bo made. 

(b) The force tests indicated that for 40° skew angle 
the ailerons produced large pitching moments. In the flight tests, 
however, no pitching tendencies were observed in aileron rolls, 
apparently because the lift forces on the wing produced by rolling 
introduced pitching moments that were equal and opposite to the 
aileron pitching moments. 


Langley Memox-ial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., July 23? 1946 
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TABLE I 

DD-ENSIONAL AND R\SS CEARACTERISTICS OF MOLEL USED 
IN SKEWED -VOTG INVESTIGATION 

Weis^t, It 4.73 to :;.03 

Wing : 

Area^ sq ft . 2.67 

Span, ft 

0 ° skev . 4.00 

40^ skew 3.07 

60° skew . 2.00 

Mean aerodynamic chord, ft 

0° skew 70 

4o*^ skev/ .91 

60° skew 1.40 

Aspect ratio (0° skew) 6.0 

Sweephack of 0.25 "Chord line, deg . 3.0 

Dihedral, deg 0 

Taper ratio (ratio of tip chord to root chord) 0.50 

Root chord, ft (0° skew) 0.90 

Tip chord, ft (0° skew) 0.45 

Loading, It per sq ft . . . I.78 to I.89 

Radii of gyration (for 0*^ skew) ; 

ky, ft 0.625 

ft 0.844 

Ailerons ; 

Typo Plain 

Area 

Sq ft 0.19 

Percent S 7 

Span, percent t . 44 


NATIONAL .ADVISORY 
COMI'in-IHlE FOR /xEROHAUTICS 
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TABLIS I 

DIIvENSIONAL AND K/iSS CE.ARAC1EPJSTICS OF MOIEL liSED 
IN SKEWED -WING INVESTIGATION - Concluded 

Horizontal Tail; 

Area 

Sq ft 0.53 

Percent S , 00 

Aspect ratio ....... 4 

Tail length, hinge line to center of gravity, ft ... . 2 

Vertical tail : 

PiTBS. 

Sq ft 0.4 

Percent S ........ 15 

Aspect ratio ....... 

Tail length, hinge line to center of gravity, ft .... 


NATIONAL ADVISORY 
COMMITTEE FOE AERONAUTICS 
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Fig. 1 
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Figure I . — The sfabilii-y system of axes ts defined as an 
orthogonal system of axes having their origin at the 
center of gravity and m which the Z~ axis is in the plane 
of symmetry and perpendicular to the relative wind^ the 
X-axis IS m the plane of symmetry and perpendicular to 
the Z-axiSj and the Y-axis is perpendicular to the 
plane of symmetry. Arrows indicate positive directions of 
moments, forces, and control-surface deflections. 
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Figure 2.- Model with skewed wing flying in Langley 
free-flight tunnel. 40° skew. 







NACA TN No. 1208 


Fig. 3 




Fi_pore3.-T/i/'ee-v/eyv sAefch of mode/ us£d 
m adjusfn b/e-i/(ey^ec/-w//}^ //lyesf/tyaf/oa (AH 

c/mje/is/o/js //7 //-tc^es.) 





Figure 4.- Three-quarter front view of model used in 
skewed-wing investigation. 0° skew. 
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Figure S- Effect of skeiu angle on the aerodynamic 
characteristics of the complete skewed- Ning model. 




Fig. 5 cone. 
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Figure 5.- Concluded. 
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Fig. 6 cone. 
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F/gure 8 - Effect of okeN angle on the lateral stability 
and Irini characteristics of the complete skeined - pj mg 
model. Cj^ opproyimately O.G. 
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Lei^ 6l-ich Righi 6-tivk 

Figure 9. 'EFFeol- of skew angle on aileron effecf/reness 
of -The sketwed-w/ng moden Bokh ailerons def leaked 
wiHi egua! up and doiwn travel. C^~0-6. 
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Figure /O.- Effect of skeiA/ angle on the aileron effect/re- 
ness of the skeNed — niinq model. Ailerons deflected 
indii/iduQlty. Q -0.6. 
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Fig. 10b 
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Figure /O. -Conk/nued. 
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Fig. 11 



(b) ^cl/'cl fra rr> f/guire 9. C^ = 0-^- 
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Fig. 12 
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F'l^ure/Zr Var/at/on of damping- m-roU parameior 

Cl i^/fh sA<s‘tv an(^/(S . Exp^^i menia/ da^cf for each 

6Keh/ oinc^le /s ba^^d orj projected spanCb cost). 

C a/cu /afed cutye was offa/ned bt^ ase of formula from 

refe/-er,co ^ ^ E — C, fo^t- 
^ T P (S-o) 



